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OOMPLEIE SPEOFICATKH^. 
Improvements relating to Strain Gauge Load CeDs. 



We, W. & T. Avery Limited, a British 
Company, of Soho Foundry, Birmingham 
40, do hereby declare the invention, for which 
we pray that a patent may be granted to us, 

5 and the method by which it is to be per- 
formed, to be particularly described in and 
by the following statement: — 

This invention relates to strain gauge load 
cells of the kind (hereinafter called the kind 

10 specified) comprising an elastic load-support- 
ing member to which is secured at least one 
strain gauge so that elastic deformation of the 
load-supporting member when under load is 
physically communicated to the strain gauge 

15 or gauges with a consequent proportional 
change in the electrical characteristics of the 
gauge or gauges. Hie strain gauge or gauges 
may for example consist of resistance or 

Siezo-electric elements, and usually a plura- 
ty of stram gauges are mounted sym- 
metrically on the load-supporting member so 
that by connection of the gauges in a bridge 
circuit it is possible to obtain a cell output 
which is a more accurate measurement of the 
25 load imposed on the cell than by use of a 
single gauge. 

Ideally, the change in characteristics of the 
strain gauges should be directly proportional 
to the magnitude of the applied load. As is 
30 well known, at low loads there is an in- 
herent non-linearity error in the gauge out- 
put, for example, in the range from zero load 
to about 5% of the rated capacity of the cell, 
and in order to obviate such error, it has 
35 been proposed to pre-stress load-cells to 
make them work in the linear part of the 
gauge output characteristic. Such pre-stress- 
ing proposals have been made in order to 
compensate for non-linearity errors, in de- 
40 pendence upon whether the particular cell is 
required to measure an applied compressive 



external load or an applied tensile external 
load. 

In the majority of weighing applications 
such lack of linearity in the vicinity of zero 
load conditions is not serious since the dead 
weight of for example the super-structure of 
containers which transmit the weight of llie 
material to be weighed to the cell pre-loads 
the cell to a range in which the gauge charac- 
teristics and hence the cell output are sub- 
stantially linear. However, there are some 
applications where this pre-loading is absent, 
for example when the load cell is built into a 
crane weigher where the dead weight of the 
crane hook insufficientiy loads the cell, and 
in material testing machines where it is re- 
quired to stress a specimen continuously from 
a compressive load through zero to a tensile 
load. 

Our object in the present invention is to 
provide an improved construction of strain 
gauge load cell which is suitable for use in 
measuring both applied tensile and com- 
pressive loads. 

The present invention consists in a strain 
gauge load cell of the kind specified, which is 
pre-stressed to make it work in the linear part 
of tiie gauge output characteristic over a 
range extending between an external tensile 
load through zero to an external compressive 
load, in which the load supporting member 
is an elastic cylindrical column provided with 
relatively rigid axial-end cross-pieces which 
are interconnected either by similar parallel 
relatively rigid side members respectively 
disposed symmetrically on opposing sides of 
the column and parallel therewith or by a 
relatively rigid tube co-axially surrounding the 
column, the side members or tube in the un- 
stressed condition being alternatively either 
shorter or longer than tiie axial length of the 
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column in the unstressed condition 
arrangement being such that by reason of 
^ercomiection with the cross P^^es and the 
disposition of the coluinn therebetween pre 
5 stressing of the side members or tube o^m 
^ and pre:StreMeL_aL^lum5^ 

&h^ is greater ^the sum of^^l 

maximum suess to be appbed to the cell as a 
whdeand the stress which must be applied to 
the elastic column before a lineanty error 

'^TSK^eingmostsui^^for- 
material testing machines where it is 



the columns are 



in 



10 



in matenal tesung mavm"« ":^,,n,,,iv 
desired to stress a specimen contmuoi^y 
,< from a compressive load through zero to a 
Se load, the cell of the invention also 
le used to measure alternatively, either an 
applied compressive or a tensjle load. 
^T^o typi^ examples of 
20 realisation of the invention, and moM«. 
tions thereof, will now be described with 
rrferena to the accompanying drawings, m 

Fi^rel is an elevation of the first example; 
^ ^"figure 2 is a sectional elevation of the 

*^e to S'tially to Figure 1 . a load ceU 5 
compSn dastic load-supporting member 
30 LTe fU of an elastic cylindn<^ <»1^6 

and a housing 7 consisting of apa^^of P^^^ 
soaced apart subsUntially ngid cross pieces 
f wShX interconnected at tbeb en^ by a 
pair of side members 9 mte«al with tbewoss 

35 IZes. The gap between ftewieces 8 
is somewhat shorter than the length of the 
coi 6. and the column 6 ismte^°^d 
between the cross pieces 8 after forceo 
S^er separation of the centre "gfus 10 of 

40 SVcross pieces 8 so that, upon release of th£ 
CTOSS pieces 8, the elastic column is retamed 
SeWeen and is subjected to an ^ 
Sr^pressional stress equal to ^ ofAe 
tensfle stresses set up m the side membexs 9 

45 S their stretching to receive the «)lumi 6 
Referring now to Figure 2, the cell 12 
shoS therein comprises .an dastic load- 
supportmg member agam m tht fom of a 
cvUndrical elastic column 13 wbich is 

50 moSd between a pair of spaced P^aUel 
i^rriQQ nieces 14 with the ends or edges 15 or 
Kaoss pieces 14 bolted at 16 to feng^ 
n at the opposite ends of a tube 18 of shorts 
Si leng^ than that of the column 13 a^ 

55 coaxiaUy surrounding Ae ccJunm 13. ^ 
virtue of the shorter length of the tube 18 tte 
cSmmi 13 is agam prestressed m com- 

'^l^Todifications of the cells 5 and 12 Ae 
m ends of the elastic columns 6 and 13 are 
nSy comiected to the cross pieces 8 and 14 
Sthe ends or edges of the cross piec^ 
SS-comiected by the integral or sepaxalB 
dde members 9 or tube 18 of longer ^"f-f 
65 of shorter length than the columns 6 and 13, 



whereby 

'TnTach of the cells 5 and 12 anj ^^X^) 
fications thereto strain gauges (not Siovraj 
Sndedinkndwnmannertoanyoneor^ 70 . 

&SSed»|e3^^^ 
passive gauges are not stressed when theceu to 

Fs Sd The passive gauges attcomad^ 
n t^e Iridge cLuit for ten^^toe^ 
pensation aiain in accordance with known 

^"cSderingtheceUS. asan.«ampl^m 80 
gre''a?rSfandassuming^e^memb«s 
9 are rieid, are of equal length, ana are 
%ZAy disposed on each «deof ^ 
column 6 with tensile loads of P/2 units srt 
up rSie side members 9. then flie c^ 6 S5 

is prestressed in compression P^?^^ 
the side members 9 before any « 

^"wXtiie cell 5 supporting ain external comr 

5So?^?nSs1d;xJL^b^?=B/2- 

"^SnT^die external compressive load is 
bSd^^th'edgebrdc sumof ^lo^m 
the side members 9 and ^ colnnmfi flien. 100 

^ tS tensne force in each side member 9 - 

'/iJiTSetSmaltensaeloadisb^ 
by th^gebraic sum of the lo^s m the side 



6 i the side members 9 must be 
column o °y J% -ojn by an amount at 
arq^^Ste ^ngTSl^Iding of the«^ 
n whi^the unacceptable Imeaiity error 
Si^ In this context, a Imeanty error of 125 
\TTJ^0.2% is considered a n^b^^ 

Syt.^:^"^Pracii^^^ 

SlS^St^iSr- 130 
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5. A strain gauge load cell according to 
Claim 4, wherein the cross pieces and side 
members are integral with one another. 

6. A strain gauge load cell according to 
Claim 2, wherein the elastic load-supporting 
column is compressed between a pair 
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require to be a little greater than that given 
by the simple formula above. 

WHAT WE CLAIM IS:— 

1. A strain gauge load cell of the kind 
specified, which is pre-stressed to make it 
work in the linear part of the gauge output 

-diaracteristic-ov^r-a-range-extending-between — opposed— crjoss—pieces-^nneGted — to— the 
an external tensile load through zero to an 
external compressive load, in which the load 
supporting member is an elastic cylindrical 
column provided with relatively rigid axial- 
end cross-pieces which are interconnected 
either by similar parallel relatively rigid side 
members respectively disposed symmetrically 
on opposing sides of the column and parallel 
therewith, or by a relatively rigid tube 
co-axidly surrounding the column, the side 
members or tube in the unstressed condition 
being alternatively either shorter or longer 
than the axial length of the column in the un- 
stressed condition, the arrangement being 
such that by reason of the interconnection 
with the cross pieces and the disposition of 
the colnnm therebetween, pre-stressing of the 
side members or tube occurs and pre-stresses 
the column to an extent which is greater than 
the sum of half the maximum stress to be 
applied to the cell as a whole and the stress 
whidi must be applied to the elastic column 
before a linearity error becomes negligible. 

2. A strain gauge load cell according to 
Claim 1, wherein the pre-stressing of the 
elastic column is in compression. 

3. A strain gauge load cell according to 
Claim 1, wherein the pre-stressing of the 
elastic column is in tension. 

4. A strain gauge load cell according to 
Claim 2, wherein the clastic load-supporting 
column is compressed between a pair of 
opposed cross pieces interconnected by a 
pair of opposed side members. 
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opposite ends of a tubular member coaxially 
surrounding the column. 50 

7. A strain gauge load cell according to 
Claim 3, wherein the elastic load-supporting 
colurain is tensioned between and secured to 
a pair of opposed cross pieces spaced apart 
by integral or separate side members. 55 

8. A strain gauge load cell according to 
any one of the preceding claims, in which the 
column is pre-stressed to an extent whereby 
the linearity error is 0.1% or less within the 
operative range of the cell 60 

9. A strain gauge load cell of the kind 
specified constructed and arranged substan- 
tially as herein described with reference to 
Figure 1 of the accompanying dravmigs. 

10. A strain gauge load cell of the kind 65 
specified constructed and arranged substan- 
tially as herein described with reference to 
Figure 2 of the accompanying drawings. 

11. A strain gauge load cell of the kind 
specified constructed and arranged substan- 70 
tially as herein described as modified with 
reference to Figure 1 or 2 of the a ccompany- 
ing drawings. 

SHAW, BOWKER & FOLKES, 
Chartered Patent Agents, 
St. Martin's House, 
Bull Ring, 
Birmingham 5, 
Agents for the Applicants. 
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